Many animals exploit several niches sequentially during their life cycles, a fitness referred 18 to as ontogenetic niche shift (ONS). To successfully accomplish ONS, transition between 19 development stages is often coupled with changes in one or more primitive, instinctive 20 behaviors. Yet, the underlining molecular mechanisms remain elusive. We show here that 21 Leptinotarsa decemlineata larvae finish their ONS at the wandering stage by leaving the plant 22 and pupating in soil. At middle wandering phase, larvae also switch their phototactic behavior, 23 from photophilic at foraging period to photophobic. We find that enhancement of juvenile 24 hormone (JH) signal delays the phototactic switch, and vise verse. Moreover, RNA 25 interference (RNAi)-aided knockdown of LdPTTH (prothoracicotropic hormone gene) or 26 LdTorso (PTTH receptor gene) impairs avoidance response to light, a phenotype nonrescuable 27 by 20-hydroxyecdysone. Consequently, the RNAi beetles pupate at the soil surface or in 28 shallow layer of soil, with most of them failing to construct pupation chambers. Furthermore, 29 a combination of depletion of LdPTTH/LdTorso and disturbance of JH signal causes no 30 additional effects on light avoidance response and pupation site. Finally, we establish that 31 TrpA1 (transient receptor potential (TRP) cation channel) is necessary for light avoidance 32
8 138 remove this 20E rise ( Fig 2B and S1A Fig) , did not affect the phototaxis switch, neither did 139 silencing of a 20E receptor gene EcR (Fig 2C and S1B Fig) Wandering behavior occurred at 4.5-4.7 days after ecdysis (S2 Table) , which was earlier 142 than the occurrence of the phototaxis switch. Moreover, ingestion of 20E accelerated the 143 onset of wandering behavior, whereas interruption of 20E signal retarded the onset (S2 Table) . 144 The two pieces of clear evidence, different occurring time and distinct response to 20E, 145 demonstrate that different signal cascades respectively regulate the light preference and the 146 onset of wandering behavior. 147 Cessation of feeding decreased the contents of several nutrients in the larval hemolymph 148 and thereby reduced ILP level during wandering stage [36] . Here we found that premature 149 insulin deficiency brought about by knockdown of ILP2 (S1D Fig) had little effect on light 150 avoidance ( Fig 2E) , but delayed the onset of wandering (S2 Table) . 151 At the wandering stage, JH titer obviously decreased [41] , and the expression of JH 152 degradation genes were activated [39] . Here we found that ingestion of JH ( Fig 2F) , or Table) ; whereas knockdown of a JH biosynthesis gene (JH acid methyl transferase, 9 159 wandering (S2 Table) . It is clear that JH signal inhibits the premature switch of light 160 preference and the early onset of wandering.
161

Prothoracicotropic hormone signal acts downstream of JH
162
Providing elimination of JH is a prerequisite for successful PTTH signal transduction 163 [43-45], we determined the expression levels of two PTTH signaling genes (LdPTTH and 164 LdTorso) in the larvae whose JH signal had been disturbed. As expected, the mRNA levels of 165 the two genes were reduced in the larval specimens whose JH signal had been enhanced 
168
It is suggested that PTTH promotes larval light avoidance in L. decemlineata. We next 169 knocked down PTTH gene ( Fig 3A) , and verified the knockdown by determination of the Table) . Moreover, silencing of PTTH reduced avoidance response 174 to light ( Fig 3D) , rate of larvae that had buried in soil per day (RLB) ( Fig 3E) and 175 accumulated RLB ( Fig 3F) . Approximately 20% of wandering larvae excavated only a slight 176 depression at the soil surface and pupated (Figs 3G, H). Furthermore, the remaining around 177 80% LdPTTH RNAi larvae pupated at shallow layer of soil ( Fig 3I) ; most of them did not Table) . 183 We then examined the relative mRNA levels of a JH biosynthesis gene LdJHAMT and 184 two JH signaling pathway genes (LdMet and LdKr-h1), and found that these genes varied Our previous results showed that four PTTH/Torso cascade genes were highly or 198 moderately expressed in the brain [46] , suggesting that PTTH may act on neuronal cells to 199 control light avoidance. Consistent with the suggestion, we found that the relative mRNA Table) . The latency between appearance of 20E and the onset of wandering ]. Moreover, we found here that Leptinotarsa wandering larvae kept crawling at the soil 243 surface; they did not burrow into soil (Fig 3 and S3 Fig) until the phototaxis switch had 244 finished on day 5.5-6.0 post ecdysis (Fig 1) . Therefore, PTTH-induced phototaxis switch 245 drives Leptinotarsa larvae to burrow into soil. Table) . However, the reduced PTTH signal cannot trigger the light to tunnel into soil and build their pupation chambers before the big 20E peak that elicits 284 pupation [42] . As a result, we found in this survey that PTTH or Torso RNAi larvae pupated 285 at the soil surface or at shallow layer of soil, with unfinished pupation chambers. and construct chambers before pupation. JH/PTTH signaling is thus at the core of a hormonal 296 network that coordinates developmental progression and appropriate phototactic behavior to 297 maximize insect fitness. We propose a model summarizing these findings ( Fig 5E) . Specific primers used to clone the fragments of dsRNAs were listed in S1 Table. These 
